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In the preceding paper ,  we repor ted  the synthes is  of the C 1 - C  6 f ragment  of a group of s t ruc tu ra l ly  r e -  
lated 1 4 - m e m b e r e d  m a c r o l i d e  ant ibiot ics .  We h e r e  p resen t  the resu l t s  of a sea rch  for  synthetic routes  to the 
C 9 - C  13 f r a g m e n t s ,  and r epo r t  the synthes is  of one of these.  The key in termedia te  in Che synthesis  of compounds 
of this group,  as p rev ious ly  [2], was 1 , 6 - a n h y d r o - 2 - d e s o x y - 2 , 4 - d i - C - m e t h y l - / 3 - D - g a l a c t o p y r a n o s e  ([), which 
can be obtained f rom levoglucosan  in 9 s tages  in an overa l l  yield of 35% [1, 2]. 

In o r d e r  to conver t  (I) into the C9-C  i3 f r agmen t s  of the above-ment ioned  ant ibiot ics ,  it is n e c e s s a r y  to 
inc rease  the chain length at C ~ by one carbon a tom in the case  of the e r y t h r o m y c i n s ,  and in the case  of o lean-  
domycin,  to reduce  the p r i m a r y  alcohol group to methyl .  For e ry th romyc in  B and oleandomycin,  it is n e c e s s a r y  
to c a r r y  out deoxygenation at C 4 in (I) and to change the s t e r e o c h e m i s t r y  of the methyl  group,  and for e r y t h r o -  
mycin  this cen te r  mus t  be i somer i zed .  The s t e r e o c h e m i s t r y  of the other  cen te rs  of ([) cor respond  comple te ly  
with the s t e r e o c h e m i s t r y  of the C 9 - C  13 f ragments  of these ant ibiot ics  
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Monobenzylation of (I) (CH3SOCH2Na/DMSO/BnC1) afforded the 3-O-benzyl  e ther  (V) in high yield,  contain-  
ing only sma l l  amounts  (5-10%) of the 4-O-benzyl  e ther .  7he compound (V) was separa ted  by c rys ta l l i za t ion ,  
and the res idue  was fu r the r  benzylated (NaH/DMF/BnC1) to the dibenzyl e ther ,  which was employed in the syn-  
thesis  of the C 1 -C  6 f r agmen t  of the 14 -membered  mac ro l ide  ant ib io t ics ,  as descr ibed  in the previous c o m m u -  
nication [2]. 

The s t ruc tu r e s  of (V) and the 4-O-benzyl  e ther  follow f rom a compar i son  of thei r  13C NMR spec t ra  with 
that of (D. In (V), the high-field shift of the s ignals  for  C 2 and C 4 and the low-field shift  of the C 3 signal indicate 
alkylat ion of the HO group at C 3. In the s pec t ru m of the i somer i c  compound, the sl ight shift  of the C 4 signal as 
compared  with (I) is typical of the alkylat ion of a t e r t i a ry  hydroxyl  group. Alkylation of the C 4 hydroxyl is also 

*For  prev ious  communica t ions ,  see [1, 2]. 
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indicated by the high-field shift of the Me group at C 4 and the methylene carbon of the benzyl group. The shift 
of the la t ter  (6 ~ 64 ppm) is also typical of related sys tems  studied in this l abora to ry ,  and provides evidence of 
the considerable  s ter ic  hindrance experienced by the methylene group in this position. 

Attempts to open the 1,6-anhydro r ing in (V) by methanolysis  (3% HCI/MeOH at the boil) gave unsa t i s -  
factory resu l t s .  There was isolated f rom the react ion mixture ,  in addition to small  amounts of the ~ -methy l -  
glycoside (VII), a compound which f rom its spect ra  and chemical  proper t ies  (oxidation to a ketone and fo rma-  
tion of a formate  on t rea tment  with DMF/MsC1 [3]) was assigned the s t ruc ture  1 ,6-anhydro-2-desoxy-2 ,4- -d i -C-  
methyl-3  -O-b enzyl-  c~-D-galac topyranos e (VI). 
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B= OH (VIa); tt=OCHO i(VIb); t t=O (Vie); tl '~OH, R ~ : H  (VII); R'=OMs, 
tl 2--H (VIII); tl t=l:/2=H (IX); R ~=Me, l:/2=H (X); B '=t t ,  l:{ 2:Ms (XI); 
t/'=Me, tl :~:Ms (XII); t l : A c  (XlII); R=Ms (XIV) 

Lowering the reaction temperature and increasing the concentration of acid enabled the methanolysis of 
(V) to be effected (20% HCVMeOH, 0~ 48 h) to give high yields of a 9 .~ mixture of the ~- and fi-methylglyco- 

sides. 

Mesylation of (VII) [MsCl-(C2Hs)3N/CH2CI2, 10~ gave the mesylate (VIH), which was reduced in quanti- 
tative yield by LiAIH 4 to the galactopyranoside ([X)o The high rate of the reduction indicated that this was an 
intramolecular reaction proceeding through the alkoxyaluminohydride (cf. [5])o 

Treatment of (VIII) with Me2CuLi gave high yields of methyl-2,6-didesoxy-2,4,6-tri-C-methyl-3-O-ben- 
zyl-~-D-galactopyranoside (X), the formation of which apparently occurred via the tert-alkoxymethylcuprate 
(cf. [6]). The structures of (IX) and (X) were confirmed by their PMR and 13C NMR spectra. 

Compound (IX) differs from the structure of the C9-C 13 fragment of oleandonolide in possessing an He 
group, and in the stereochemistry at C4~ Similarly, (X) differs from the C9-C 13 fragment of erythronolide A 
in the stereochemistry at C 4, and from the C9-C 13 fragment of erythronolide ]3 in the presence of an He group 
and the stereochemistry at C 4. In order to convert (IX) and (X) into the corresponding fragments, a study was 
carried out of the deoxygenation of the corresponding mesylates (XI) and (XII)o 

When attempts were made to deoxygenate (XI) and (XII) by treatment with lithium trimethoxyaluminohy- 
dride-CuI [7] or with lithium triethylborohydrlde [8], only demesylation occurred, with the formation of the 
original  alcohols (L~) and (X)~ 

Reaction of the mesy la te  of (X) with te t rabutylammonium formate  in acetone or  DMF [9], with the aim of 
inverting the configuration at C 4, was likewise unsuccessful ,  No react ion occurred  in acetone,  and demesylat ion 
occur red  in DMFo 

Attempts to obtain the corresponding halides from (iX) and (X_) with retention (PCljCaCO3/chloroform , 
0~ [I0]) or inversion (PH3P]3r~/CCl4/HCl/pentane, [ii] or Me3SiBr [12]) of the configuration at C 4 were like- 
wise not crowned with success. 

Following these unsuccessful attempts to convert (IX) and (X) into the C9-C 13 fragments of the antibiotics, 
we turned our attention to the bicyclic compounds (XIII) and (XIV), which contain the 1,6-anhydro ring~ The fol- 
lowing is a brief description of our attempts to deoxygenate or isomerize (XIII) and (XIV)~ 

2261 



Reaction of (XIV) with l i thium t r ie thy lborohydr ide  [8] (at the boil in THF, 8 h) resul ted  in r e c o v e r y  of the 
s ta r t ing  ma te r i a l ;  the use  of superhigh p r e s s u r e s  in this reac t ion  resul ted  only in the par t ia l  demesyla t ion  of 
(XIV). E lec t rochemica l  reduct ion of (XIV) [13] failed to occur  up to the d i scharge  potential  of the t e t rabu ty l -  

a m m o n i u m  cation (e > -3 .1  V). At tempts  to reduce  (XIV) by the method descr ibed  in [14], as r ecommended  by 
Brown for  t e r t i a ry  ha l ides ,  was a lso  unsuccessful .  

When deoxygenation was ca r r i ed  out by the modified Birch reac t ion  [15] on the ace ta te  (XIII), only rapid 
debenzylat ion occur red  (cf. [16]) to give (i) in good yield.  A s i m i l a r  r e su l t  was obtained wimn a t tempts  were  
made  to c a r r y  out the photochemical  deoxygenation of the ace ta te  (:Kill) in aqueous Hexametapol  [171o When a t -  
tempts  were  made to obtain the co r respond ing  ha l ides ,  the t e r t i a r y  alcohol (V) e i ther  remained  unchanged, o r  
rapid des t ruc t ion  of the compound occu r red .  Ionic hydrogenat ion was a lso  unsuccessful  in this case ,  as a r e -  
sult  of the rapid decomposi t ion  of (V) [18]. 

Fur ther  s tudies were  made of the poss ib i l i ty  of ep imer iza t ion  at C 4 without deoxygenation to obtain the 
C9-C  13 f ragment  of erythronol ide  A (IV). When (X[V) was boiled in n i t romethane ,  a mix tu re  of products  was 
obtained,  f rom which the i somer i c  m e s y l a t e  (XV) was isolated in 30% yield.  I somer i za t i on  was accompanied  
by par t ia l  c leavage  of methanesulfonic  acid,  the p r e sence  of which in the react ion  mix tu re  resul ted  in rapid d e -  
composi t ion.  When the reac t ion  was ca r r i ed  out in the p r e sence  of 4 A m o l e c u l a r  s i eves ,  which bind MsOH, 
no res in i f ica t ion  occu r r ed ,  and the yield of  (XV) ro se  to 59%. Another react ion  product  was the methylene  d e r i v -  
at ive (XVI), the s t ruc tu re  of which followed f rom a com0ar i son  of its PMR and 13C NMR spec t ra  with those of 
its 3 -O-methy l  analog [19]. This compound was used subsequent ly  for the synthesis  of the C 9 - C  ~3 f r agmen t s  
of erythronol ide  B and oleandonolide (see the following communicat ion) .  

Thus, a f te r  many  a t t empt s ,  conditions were  found for  the p repara t ion  of (XV) in which the configurat ions 
of all the chira l  cen te r s  cor responded  to the C9-C  ~3 f r agmen t  of erythronol ide  A. in o rde r  to conver t  (XV) into 
the s a m e  f ragment ,  it is n e c e s s a r y  to inc rease  the chain length at  C ~ by one carbon a tom.  
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R = Ms (XV); R = H (XVII) ;  t l  = Bn (XVIII) ;  t l  = CItO (XXI); t t  = CH 2 = CH (XXII) ;  
t l  = Czlt5 (XXII I ) .  

Demesyla t ion  of (XV) with LiA1H 4 gave qual i ta t ive yields of the alcohol (:,(VII), which, like the i somer i c  
compound (V), was subjected to methanolys i s  (20% HC1/MeOH, 0~ However ,  despi te  the fact  that the expected 
mix tu re  of anomer ic  methylg lycos ides  was qual i ta t ively obse rved  a t  the in te rmedia te  s t ages ,  the overa l l  r e a c -  
tion resul ted  in the format ion  of 1 , 4 - anhyd ro -2 -desoxy -2 , 4 -d i -C-me thy l -3 -O-benzy l - cx -D ' -g lycopy ranose  {XIX), 
the s t ruc tu re  of which followed f rom a study of its spec t r a  (cf. Exper imenta l ) .  An a t t empt  to f i r s t  p ro tec t  the 
C 4 hydroxyl  group as its allyl  e ther  did not improve  the outcome.  Methanolysis  was successfu l  only a f t e r  con-  
ve r s ion  of the t e r t i a r y  OH group in (XVII) into the O-benzyl  e ther  (XVIII). When the methanotys i s  of the l a t t e r  
was effected under our  condit ions,  a m i x t u r e  of anomer ic  methylg lycos ides  (XX) was obtained. 

~he methylg lycos ides  (XX) were  oxidized to an anomer ic  mix tu re  of aldehydes (XXI), and the ~ - a n o m e r  
of (XXI), isolated by ch roma tog raphy ,  was subjected to the Wittig reac t ion .  The resul t ing  vinyl de r iva t ive  (XXII), 
following reduct ion with LiA1H4-CoC12 [20], gave  good yields of methyl  2 , 6 - d e s o x y - 2 , 4 , 6 - t r i - C - m e t h y l - 3 , 4 - d i -  
O-benzyl -cx-D-glycopyranos ide  (XXIII), which is the C 9 - C  ~3 f r agmen t  of erythronol ide  A, the OH groups of 
which were  pro tec ted  by groups convenient-for  the l a t e r  reac t ions .  The s t ruc tu r e s  of  (XXIII) and the o ther  in-  
t e rmed ia t e s  followed f rom their  PMR and 13C NMR spec t r a .  
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E X P E R I M E N T A  L 

1~ spectra were obtained on Tesla BS-497 and Bruker WM-250 instruments, and i3C NMR spectra on 
Bruker WP-60 and Bruker WM-250 instruments (CDCI 3 solutions, internal standard TMS, 6 = 0, J in Hz). Spe- 
cific rotations were measured on a Perkin-Elmer M-141 polarirneter, in chloroform. The course of the reac- 
tions and the purity of the products were followed by TLC on silica gel L (5-40 map), and by GLC on an LKhM- 
8MD (colurnn with 3~ SE-30 on Chrornaton NAW-DMCS, length 2 In) or a Biochrorn-21 instrument (glass cap- 
i!lary colamn, OV-101, length 50 m)o Mixtures were separated by column chromatography on Silpearl silica 
gel (25-40 n~), using continuous linear solvent gradients and an overpressure of 0.5-1.2 atm. 

1,6-Anhydro-2-desoxy-2,4-di-C-methyl-3-O-benzyl-p-D-galactopyranose (V) and 1,6-Anhydro-2-desoxy- 
2,4-di-C-methyl-4-O-benzyl-p-D-galaetopyranose. To a solution of 9.3 g (53.5 mmole) of (1) in 60 rnl of dry 
DMSO was added 43.6 ml of a 1.286 N solution of CH3SOCH2Na (56.1 rnrnole). After 20 rain, 6.98 g (55ol mmole) 
of PhCh2Cl was added, and after 1 h the mLxture was poured into 1 l of water, and extracted with chloroform 
(3 x I00 ml). The organic layer was washed with saturated NaCl solution, dried, and evaporated in vacuo. The 
residue was recrystallized from ether-hexane (i :5) to give 8.9 g (63%) of (V), rnp 57.5-58~ [~ ]D 22 -89~ (c, 
1.0). PMR spectrum (6, ppm): ~5.24 d 1H, Ji,2 = 1 Hz, HI), 2.24 d.d (1H, J2,CH 3 = 8 Hz, H2), 3.14 s (1H, H3), 3.87 
s (IH, OH), 4.02 d.d (IH~ J5,6 endo = I Hz, Js,G exo = 6 Hz, H5), 4.25 d (IH, JG,6' = 7.5 Hz, H G endo), 3.62 d.d (1 If, 
HG exo), 4.54 AB (2H, CH2Ph), 7.30 s (5H, C6H5) , 1.44 s (3H, CH 3 at C4), 1.07 d (3H, CH 3 at C2). 13C NMR spec- 
trum (6, ppm): 103.1 (Ci), 38.2 (C2), 83.8 (C3), 67.9 (C4), 79.1 (C5), 63.7(C6), 72.1 (CH2Ph at C3), 26.6 (CH 3 at C~(), 

16.4 (CH3at C2). Found: C 67.91; H7.59%. CisH2004. Calculated: C 68.18; H7.50%. 

The mother liquors from the crystallization were chrornatographed to give a further 2.82 g (20%) of (V) 
and 1.68 g (12%) of the 4-O-benzyl ether, syrup, [ ~]D 22 -18.3 ~ (c, io0). I~ spectrum (6, pprn): 5.26 d (1H, 
Ji,2 = 1 Hz, Hi), 2.18 d.q (IH, J2,CH 3 = 7.5 Hz, H2), 3.54 s (1H, H3), 4.21 d.d (IH, J5,c endo = i Hz; J~,6 exo = 5.5 
Hz, H5), 4.42 d.d(1H, JG, C = 7.5 Hz, H G endo), 3.60 d.d (1H, H c exo), 4.55 AB (2H, CH2Ph), 7.35 s (5H, CGH~, 3.12 

s (IH, OH), 1.44 s (3H, CH 3 at C4), 1.09 d (3H, J2,CH3 = 8 Hz, CH 3 at C2). 13C NMR spectrum (6, pprn): 104.7 
(Ci), 42.1 (C2), 75.4 (C3), 73.4 (C4), 77.2 (C5), 64.0 (CG), 64.2 (CH2Ph at C4), 22.5 (CH 3 at C4), 16.0 (CH 3 at C2), 
137.4 128.6,137.9, 127.6 (C6H5). 

Methyl 2-Desoxy-2,4-di-C-rnethyl-3-O-benzyl-~-D-galactopyranos ide (VII). a) A solution of 9.80 g (37.1 
mmole) of (V) in i00 ml of 3% HC1 in MeOH was boiled for 3 h, neutralized with IRA-400 (CO32-), the resin fil- 
tered off, and the filtrate evaporated, ffhe residue was chromatographed to give 1.89 g (17.2%) of (VII) and 2.21 
g (21.7%)of (Via), syrup, [~]D 22 +36.0 ~ (c, 1.0). 

b) To a solution of 5 g of HCI in 18 rnl of MeOH was added 2 g (7.6 mrnole) of (V), and the mixture was 
kept at -5~ until the starting material was no longer present (~ 60 h). The mixture was diluted with 100 rnl 
of dry ether, and neutralized with gaseous NH3, with cooling. The NH4CI was filtered off and washed with ether, 
and the filtrate was evaporated. Chromatography of the residue gave 1o564 g (70 %) of (VII), syrup, [~]D 21 + 109 ~ 
(c, 1.0). PMR spectrum (5, ppm): 5.10 d (IH, JI,2 = 5 Hz, Hi), 2.39 In (IH, H2), 3.75 d (IH, J2,3 = 4.5 Hz, H3), 
3.2 d.d (1H, J5,~ = Jsy = 10.5 Hz, H5), 3.75 d.d (IH, JG,G' = 6.5 Hz, H6), 3.8 d.d (IH, HG), 4.57 s (2H, CH2Ph), 7.34 
s (5H, CGH5) , 3.62 s (1H, OH), 1.42 s (3H, CH 3 at C4), 1.16 d (3H, J2,~ H = 7.5 Hz, CH 3 at C2). 13C NMR spectrum 
(6, ppm): 99.7 (Ci), 47.3 (C2), 82.7 (C3), 85.7 (C4), 67.8 (C5), 63.9 (C~),�89 (CH2Ph), 138.3:128.0:127.1 (C6H~, 
17.0 (CH 3 at C4), 10.8 (CH 3 at C2). 

_I ~6-Anhydro-2-desoxy-2 ~4-d i-C-rnethyl-3-O-benzyl-5-O-forrnyl-L-D-galaetofura__nose (V~__~_. To a solu- 
tion of 0.17 g (0.64 mmole) of (VI) in 1.7 ml of dry DMF was added 1 ml of MsCl, and the mixture was heated for 
2 h at 65~ The mixture was then evaporated, and the residue ehromatographed to give 0.105 g (56%) of a syrup. 
PMRspeetrum (5,ppmn): 5.05d (IH, JI,2=4.7Hz, Ht),2.2m (IH, H2),3.65d (IH, J2,3=4.5 Hz, H3),4.90dod 
O H , Js,G endo = I0 Hz; J5,6 exo = 6.5 Hz, Hs), 3.95 d~ (1H, J6,6' = 11 Hz, H 6 exo), 3.16 d.d (IH, H6end~ s 
(2H, CH2Ph), 7.92 s (IH, CHO), 1.08 d (3H, J2,CH 3 = 7.5 Hz, CH 3 at C2), 1.28 s (3H, CH 3 at C4). 

~-~6-Ar~hydr~-2-des~xy-2~4-d i -C-methy~-3-~-benz~-~z-L` -a rab in~hexu~s~-5- fu ran~se  (VI_c). Oxidation of 
(VI) with (COCI)2-DMSO [2] afforded (vie) as a syrup, yield 98%. PMR spectrum (5, pprn): 5.33 d (IH, Ji,2 = 
4.5 Hz, Hi), 2.33 rn (IH, H2), 3.3 d (1H, J3,4 = 4 Hz~ H3), 4.13 d.d (2H, H c, H6'), 4.5 s (2H, CHzPh), 7.3 s (5H, 
CGH~),I.42 s (3H, CH 3at C4), 1.1 d (3H, J2,CH 3 =7.5 Hz, CH3at C2). 13C NMR spectrum (5, pprn): 99.9 (Ci), 
48.0 (C2),86.0 (C3),90.9 (C4),204.9 (C5),67.5 (CG),72.1 (CH2Ph), 137.5:128.2:127.6:127.2 (C6H5) , 13.3(CH 3at 
C4),12.6 (CH 3at C2). 

Methyl 2-Desoxy-2,4-di-C-methyl-3-O-benzyl-6-O-rnesyl-~-D-ga_lactop_yranoside_(VIII). To a solution 
of 0.59 g (2 mmole) of (VIII) in 9 rnl of CHzCI 2 was added 0.61 g (6 rnnrnole) of triethylarnine, the mixture cooled 
to -10~ and mesyl chloride (0.47 g, 4.4 rnmole) in 2 rnl of CH2CI 2 was added dropwise, stirred for 15 rnin at 
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-10~ diluted with 10 ml of ch lo ro fo rm,  washed with water  1 N HC1, and NaHCO 3 solution, dr ied ,  evaporated,  
and the res idue  chromatographcd.  Yield, 0.725 g (97%), syrup,  [~]D ~1 +89.4 ~ (c, ].0). 

Methyl 2 ,6 -Didesoxy-2 ,4 -d i -C-me thy l -3 -O-benzy l -~ -D-ga l ac topy ranos  ide (IX) o_ To a solution of 0.27 g 
(0.72 mmole) of (VIii), in 5 ml of d ry  e ther  was added in an a tmosphere  of argon 0.1 g of LiA1H 4. The mixture  
was boiled for 1 h, cooled, decomposed with mois t  e ther ,  and f i l t e red ,  Evaporation of the f i l t ra te  gave 0.2 g 
(theoretical) yield of a syrup,  [V,]D21 +100.7 ~ (c, 1.0). PMR spec t rum (5, ppm): 4.44 d (1H, J1,2 = 5 Hz, H1), 2.1 
m (1H, H2), 3.2 m (1H, H3), 3.64 q OH, J~,CH3 = 6 Hz, Hs), 4.58 s (2H,CH2Ph), 7.3 s (5H, CGH~) , 3.25 s (3H, OCH3) , 
1.09 s (3H, CH 3 at Ct), 1.15; 0.96 dod (6H, CH 3 at C 5 and C2). 

Methyl  2 ,6 -Didesoxy-2 ,4 ,6 - t r ime thy l -3 -O-benzy l -  [~]-D-galactopyranoside  (X). To a solution of Me2CuI, 
obtained f rom 3.98 g (20.9 mmole) of CuI in 25 ml of d ry  e ther  and 24.8 ml of 1.76 N Me (41.8 mmole) was added 
1.95 g (5.22 mmole) of (VIII), in 15 ml of THF at  - 5 ~  The mixture  was s t i r r ed  for  4 h at 10~ decomposed 
with a saturated solution of NHtC1, washed with water ,  evaporated,  and the res idue  chromatographed.  Yield 1.38 
g (90%), mp 8]-82~ (e ther -pen tane) ,  [~]D 21 +135.5 ~ (c, 1.0). PMI~ spec t rum (6, ppm): 4.56 d OH, J~,2 = 4 Hz,  
H i ) , 2 . 2 m  OH, H2) ,3 .34m (5H, H3,H 5, OCH3) ,1o68 m (2H, H G, H6'), 4.08 s (2H, CH2Ph),7.3 s (5H, C6H~) ,1.20;  
lo06; 1.06; 1.02 m (9H, CH 3 at C 2, C 4, and C7). 13C NMI~ spec t rum (6, ppm): 10109 (Ct), 37.1 (C2), 85.3 (C3), 
72~6 (C4), 76.4 (C5), 2200; 20.9 (C 6, CH 3 at C4); 13.2 (CH 3 at C2), 11.0 (C7), 74.7 (CH2Ph), 138.2,128.4,127o9 
(C6H5)0 Found: C 69.17; H 8.65%. C17H2604. Calculated: C 69.38; H 8.84%0 

••6-Anhydro-2--des•xy-2•4-di-C-methy•-3-•-benzy•-4-•-acety•-fi-D-ga•actopyranose (XIII). A mixture  
of 3012 g 00108 mmole) of (V), 15 ml of d ry  pyr id ine ,  10 ml of Ac20, and 0029 g (2.36 mmole) of 4-d imethylamino-  
pyridine was kept at 20~ for 48 h. The excess  of Ac20 was decomposed with methanol ,  the mix tu re  evaporated,  
and the res idue chromatographed to give 3.10 g (86%), mp59-60~ (e the r -pen tane) ,  [~D 23 - 5 5 . 6  ~ (c, 1.0). PMR 
spect rum (6, ppm): 5.23 s (1H, Hi), 2.18 qu, (1H, J2,CH~ = 8 Hz, H2), 3080 s (1H, H3), 4005 d.d (1H, Hs), 3062 dod 
(1 H, H 6 exo), 4.47 m (3H, H e end~ 7.3 s (5H, C~Hs), 1.83 s (3H, COCH3), 1.74 s (3H, CH 3 at C4), 1.07 d (3H, CH 3 
atC2). 13C NMR spect rum (6, ppm): 104.7 (C1), 38.5 (C2), 82.0 (C3), 77.6 (C4), 77.3 (C5), 64.4 (CG), 72.2 (CH2Ph), 
138.8; 128.3, 127.7; 127.5 (C6H5), 170.1 (COCH3), 21.7 (COCH3), 23.8 (CH 3 at C4), 16.3 (CH 3 at C2). Found: C 66.37; H 
7.02%. C17H2205. Calculated: C 66.6; H7.19%. 

1 ,6-Anhydro-2- -desoxy-2 ,4-d i -C-methyl -3-O-benzyl -4-O-mesyl - f l  -D-ga lac topyranose  (X[V). To 5.0 g 
(18.8 mmole) of (V) in 20 ml of Py was added 4,33 g (37.8 mmole)  of MsC1, 20~ 100 h,  200 ml of water ,  ext rac ted  
with ch lo ro fo rm,  the ext rac t  washed with 1 N HC1, a saturated solution of NaHCO3,and NaCI, water ,  dr ied,  evap-  
ora ted ,  and the res idue  chromatographed.  Yield, 3.45 g (50.3%), mp 63-6305~ (ether) [~]n23 -55.0 ~ (c, 1.0). 
PMR spec t rum (6, ppm): 5027 s (1H, Hi), 2.3 qu (1H, J2,CH 3 = 8 Hz, H2), 3.70 m (2H, H 3, H % exo), 4.18 d OH, 
J5,6 exo = 6 Hz, H5), 4.51 m (3H, H 6 end , ,  CH2Ph) ' 7.3 s (5H, C6H5), 2.74 s (3H, CH3SO2, 1.90 s (3H, CH 3 at C4), 
1006 d (3H, CH3at C2). 13C NMR spec t rum (5, ppm): 104.6 (C1), 38.8 (C2), 82.6 (C3), 85.7 (C4), 77.1 (C5), 64.4 
(C6), 71.8 (CH21~), 13803 : 128.5 .~127.6 (CGHs), 40.1 (CH3SO2), 25.5 (CH 3 at C4), 16.1 (CH 3 at C2). Found: C 55.82; 
H 6.15%. C16H2206o Calculated: C 56.13; H 6.43%. 

1 ,6 -Anhydro-2 -desoxy-2 ,4 -d i -C-methy l -3  -O-benzy l -4 -O-mesy l - f i  -D-glucopyranos e (XV) and 1,6-Anhy- 
d ro -2 - -desoxy-2 -methy l -3 -O-benzy l -4 -me thy lene - f i -D-xy lohexapyranose  (XVI). A soh~tion of 1.013 g (2.96 
mmole) of (XIV) in 10 ml of M e N .  2 was boiled with 2 g of powdered molecu la r  s ieve 4A for 19 h, then f i l te red ,  
the molecular  sieve washed with e ther ,  evaporated,  and the res idue  chromatographed.  Yield of (XV), 0.59 g 
(59%), mp 63.5-64~ ( eh te r -pen tane ) ,  [a]i~ 3' + 4.6 ~ (c, 8.4). PMIR spec t rum (5, ppm): 4.8 s OH, Hi), 2.42 m 
00H, H2) , 3045 d (1H, J2 3 = 305 Hz, H3), 4.7--4.0 ABX sys tem (3H, H ~, H ~ end, ,  H G exo), 4.57 s (2H, CH2Ph), 7.30 
s (5H, C6H5) , 2.86 s (3I~, CH3SO2), 1.50 s (3H, CH~ at C4), 1.17 d (3H, J2,CH~ = 7.5 Hz, CH 3 at C2). 13C NMR (6, 
ppm): 104.7 (C~), 38.3 (C2), 91.9 (C3), 82.1 (C4), 75~ (C5), 62.1 (C6), 72.9 (CH2Ph), 137.9, 128.5, 127.7, 127.1 (C~Hs). 
44.9 (CH3S02), 22.6 (CH 3 at C4), 19.2 (CH 3 at CL)o Found: C 56.34; H 6.25%, ClcH2~O~S. Calculated. C 56o13; 
H 6.43%. Yield of (XVI) 0.21 g (29%), syrup,  [~]D 21 -4 .90  ~ (c, 1.0). 

1,6-Anhydro-2--desoxy-2,4-d i - C - m e t h y l - 3 - O - b e n z y l - p  -D-glucopyranose  (XVII). A solution of 3.95 g 
(11o6 mmole) of (XV) in 25 ml of dry  ether  was boiled with 1 g (26 mmole) of LiA1H 4 until (XV) was no longer 
p resen t  ( ~30 h). Excess  LiAIH 4 was decomposed with water  (2 ml), f i l tered,  evaporated,  and the res  idue chromato-  
graphed. Yield 3.0 g (98.5%), syrup, [c~]D 25 -4~  ~ (c, 1.35). PMR spec t rum (6, ppm): 4.82 s (1H, Hi), 2.47 m (1H, H2), 
4.1-3o0 m (4H, H 5, H ~ e n a o  H 6 e x o  OH), 4.55 q (2H, CH2Ph), 7.30 s (5H, C6H 5, 1.13 d (3H, J2, CH~ = 7.5 Hz, CH 3 at C2), 

1.47 s (3H, CH 3 at C4). 13C NMR spec t rum (6, ppm): 104.8 (C1), 43.7 (C2), 93.5 (C3), 81.8 (C4), 73.6 (C5), 65.5 
(CG), 70.6 (CH2Ph), 136.9, 128.8, 128.4, 127.8 (C6H5), 21.7 (CH 3 at C4), 19o6 (CH 3 at C2). 

1 ,6 -Anhydro-2 -desoxy-2 ,4 -d i -C-methy l -3 ,4 -d i -O-benzy l - f i  -D-glucopyranose  ('>;VIII). A solution of 1.02 
g (3.86 mmole) of (XVII) in 3 ml of DMF was t reated with an excess  of Nail (100 rag), s t i r r ed  for 1 h, 0.5 ml 

2264 



of PhCH2Br added, stirred for 2 h, 2 ml of MeOH added, poured into water (10 ml), extracted with chloroform, 

evaporated, and chromatographed. Yield, 1.36 g 4(99.5%), syrup, [W]D~l +22.9 ~ (c, 1.44)o 13C NMR3sPe~trum 
(5, ppm). o 104.4 (CI), 45~ (C2), 9z~ (C3), 83,4 (C 7,78~ (C~), 62.8 (C), 72.7 and 73.3 (CH2I~ at C , C ), 138.5 : 

127o8 : 127o4 (Cells) , 23~ (CH 3 at C4), 19.4 (CH 3 at C2). 

Methyl 2-Desoxy-2,4-di-C-methyl-3,4-di-O-benzyl-~z,fi-D-glucopyranoside (XX). A solution of 1.23 g 
(3.47 mmole) of (XVIH) in 10 g of a 5% solution of HCI in MeOH was kept at-5~ for I0 h, diluted with 100 ml 
of dry ether, neutralized with cooling with gaseous NH3, NHtCI filtered off, evaporated, and chromatographed. 
Yield, 0.57 g (42.5%) of a mixture of ~z- and /3-methylglueosides (XX)~ and 0~ g (43%) of (XVIII). 

Methyl 2-Desoxy-2,4-di-C-methyl-3,4-di-O-benzyl-6-oxo-~z-D-glucopyranoside CXXI). The mixture CXX) 
(0.I01 g; 0~ mmole) was oxidized in CH2CI 2 with the system (COCI)2-DMSO [21]o Chromatographic separa- 
tion gave 0~ g (48~ 7 of (XXI), syrup, [~]D 22 + 166.5 ~ (c, 0~176 PMR spectrum (5, ppm): 4.78 d OH, JI,2 = 
4.5 Hz, Hi), 2.5 m (1H, H2), 3.70 d (1H, J2,3 = 9~ Hz, H3), 3~ d (IH, J~,6 = 2.5 Hz, H~), 8.77 d (1H0 HG), 4.0 s 
(2H, CH2Ph at Ca),4~ qu (2H, CH2Ph at C4),7.3 s (5H, C6H~,3o29S (3H, OCH3) ,1.38 s (CH3 at C4),1.0d (3H, 

J2,CH 3 = 7.5 Hz, CH 3 at C2). 

Methyl 2-Desoxy-2,4-di-C-methyl-3,4-di-O-benzyl-6-methylene- ~z-D-giucopyranoside (XX[I). To a sus- 
pension of the phoaphorane Cbtained from 0o153 g (0.428 mmole) of triphenylphosphonium bromide and 0.35 ml 
of 1.12 N BuLl in 2 ml of benzene was added at the boil a solution of 0.483 g (0.126 mmole 7 of (XX[) in 1 ml of 

benzene, boiled for I0 rain, cooled, 1 ml of acetone added, filtered, evaporated, and the residue chromatograph- 
edo Yield, 0.326 g (68~0), syrup, [~Z]D2~ +138 ~ (c, 0.51). PMR spectrum (6, ppm): 4.71 d (1H, Ji,2 = 5 Hz, Hi), 
2 .64m (1H, H2), 3.72 d (1H, J 2 3 : 10 Hz, H3), 3.70 d OH, J5,6 : 8.5 Hz, Hs),: 6.46-5.82 m (1H, H~), 5.36-4.90 m 
(2H, =CH2) , 4.60 q, 4.40 q (4H,'CH2Ph at C 3 and C4), 7.30 s (5H, C~Hs) , 3.30 s (3H, OCH3), 1.24 s (3H, CHaat C4), 
1.01 d (3H, J2,CH 3:7 Hz, CH sat C2). 

2,6-Didesox_y_-2,4,6-tri-C-methyl-3,4-di-O-benzyl-~-D-glucopyranoside ~ To a solution of 
0.102 g (0.267 mmole) of (XXII) and 33.3 mgof CoCl 2 (anhydrous) in 2 ml of THF was added with cooling at 
-70~ with stirring 0.12 ml of a 4.73 N solution of LiAIH 4 in THF, stirred for I0 rain at -70~ and the solu- 
tion slowly warmed (~ 2 h) to 0~ The mixture was decomposed with water, filtered, evaporated, and the resi- 
due chromatographed. Yield, 0.092 g (90%), syrup, [a]D 22 + 107 ~ (c, 0.897. 

1,4-Anhydro-2-desoxy-2,4-d i-C-methyl-3-O-benzyl- fi -D-glueopyranos e (XIX). A solution of 2.86 g (18.3 
mmole) of (XVID in 20 ml of a ~solution of HCI in MeOH was kept at 0 ~ for 24 h, then diluted with 50 ml of 
dry ether, neutralized with cooling with dry NH3, precipitated NH4CI filtered off, washed with ether, the filtrate 
evaporated, and the residue chromatographed. Yield, 2.09 g (94%), mp 83-85~ (ether-pentane), [O~]D2I +108.0 ~ 
(c, ].08). PMR spectrum (5, ppm): 5.16 d (IH, Jl 2 = 1.5 Hz, Hi), 1.71 m (1H, J2 CH~ -- 7 Hz, H2), 3.3 d (1H, 

3 - 5' " J~ 10 Hz, H),402d (IH, J 55Hz, H),362dd (IH, J ' 10 Hz,H ~ex~ 408dd IH J . , 3 =  6 e n  ~ -  " % 6 e x o -  �9 ' .  �9 6 , ~  : ~ ) ,  ( ~ 5,6endo = 
•  H u~ qu (2H, CH2Ph),7.35 m (5H, C~H5),1.38 s (3H, CH3at C4),1.05 d (3HI CH3at C2). 13C NMR 
spectrum (5, ppm): 104.4 (C~), 42.6 (C2), 84.1 (C3), 73:5 (C4), 80.6 (C5), 64.7 (C6), 75.0 (CH2Ph), 138.8:128o6 : 
127.9 (C6H4) , 21.4 (CH 3 at Ca), 13.4 (CH 3 at C2). Found- C 67.93; H 7.27%. C15H200~. Calculated: C 68.181 H 
7.50%. 

CONCLUS[ONS 

The synthesis of the C9-C 13 fragment of erythromycin A has been accomplished, starting from levoglu- 
san (18 steps, 3.4%). 
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